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Abstract : Nuclear reaction analysis (NRA) technique in measuring the thickness of nitride 
layei up to 9030 A has been investigated using 2 MeV deuterons. A calibration curve foi future 
mcasuiements of thickness of thin films of silicon nitride is provided T he technique is compared 
with Rutheiford backscattenng spectrometry (RBS) technique and is found to be excellent for 
relative measurements of layer thicknesses
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1. In t ro d u c t io n
Nuclear reaction analysis m ethod has proved to be a useful one in depth profiling  o f  d ifferent 
nuclides in various m aterials a llo w in g  evaluation  o f the com p osition  and th ickness o f  nitride 
and o x id e  film s on bulk elem ental surfaces [ \ - 4 ] .  During the past few  decades, the technique  
has been d ev e lo p ed  for near surface analysis [5 -1 0 ] . S id e by side progress o f  R B S  technique  
lor the sam e purpose a lso  continued . T his can su itab ly be applied for sem icon ductor fields  
specially  for s ilico n  nitrides. A m o n g st other m odern surface analytical tech n iques such as 
secondary ion m ass spectrom etry, auger electron spectrom etry and X -ray fluorescence, these  
two techniques are a lso  o f  considerable interest.
T hese tw o m eth od s have been applied for o x id e  layer m easurem ents in our prev iou s  
paper [ 11]. A s  techniques for depth profiling , the role o f  these m ethods has been adjudged in 
that work. W hether a sim ilar roje is m aintained for nitride layers a lso , is a subject o f  interest. 
The present w ork has been undertaken to investigate that.
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A ll the sam p les used in this work, are s ilico n  n itr id es. S il ic o n  n itr id e is  a good 
insu lator p o sse ss in g  a w id e  sca le  app lication  in sem ico n d u cto r  d e v ic e s , sp ec ia lly  in the 
electronic com ponents. The nitride layers o f  the present investigation  are m ade on bulk silicon 
substrates. A ccurate m easurem ent o f  the th ickness o f  the layer is n ecessa ry  for its various 
application.
On these sam ples the R B S technique o f  depth profiling has already been appl ied by us
[12]. T he present work reports the results o f  th ick n ess m easu rem en ts by a d op tin g  NRA 
technique. A  com parative study o f  the tw o m ethods has a lso  been m ade in this w<j>rk as it was 
felt that this sort o f  study w ould g ive  us m ore insigh t about the app licab ility  o f  tyic methods 
for the purpose o f  depth profiling. \
2. Choice of the reaction
In the present w ork, the (d ,p ) reaction  has been ch o sen  b eca u se  the rea ctio n  has its 
general app licab ility  and its routine nature o f  a n a lysis . It p ro v id es an e x trem ely  useful 
m ethod o f  a n a lysis o f  the e lem en ts hav in g  c =  4  to 17 for w h ich  ca se  the Q -v a lu cs are 
p o s it iv e . (T h e Q -v a lu e  for the reaction  l4 N (d ,p0) L^ N as m ea su red  by P isk o r  and 
Schaferlingova [1 3 ,1 4 ] is 8608  ±  0.061 keV ). T herefore usin g  the m eth od , m ulti-elem ental 
an a lysis is p o ssib le ; o f  course, the reaction  cannot be used for e lem en ts  h a v in g  z >  17 
because C ou lom b barrier effect reduces the sensitiv ity  o f  the technique beyond the acceptable 
lim its 115|.
T he cross sec tio n s for the d ifferen t reaction s in d u ced  by deu teron s on 14 N , aie 
reported in the literature [16]. It is know n [1] that p lateaus in the cross sec tio n s occur for 
l4N (d ,p , + p 2), 14N(d,pO> l4N (d ,p 5) and 14N (d ,oc) reactions for deuleron en erg ies  between 
0 .9 5  to 1.3 M eV . In addition , m any reactions on the s ilico n  substrates a lso  o ccu r  together 
with it. But experim entally  determ ined spectrum  guided us to se lec t the ground state peak as 
the only suitable one for the analysis. E xcepting this peak, the other peaks w ere contam inated  
by groups arising from silicon  substrate and hen ce  cou ld  notice  considered  for ana lysis in the 
work. Ed w as chosen  as 2 M eV  because this g iv es reasonable sensitiv ity  and is w ell suited for 
the analysis.
3. P r inc ip les
W hen a beam  o f  deuteron ions having su ffic ien t energy  to o v erco m e  the C o u lo m b  barrier 
strikes a thin and single  elem ent target (Figure la ) , then nuclear reactions m ay occur. A  series 
o f  peaks m ay be observed  in the y ie ld /en ergy  spectrum  (F igu re  lb )  w h ich  d ep ic t different 
p o ssib le  ex c ited  states o f  the daughter n u cle i. T h e  en erg y  o f  the lig h t p a rtic les  can be 
calculated using standard kinem atic consideration [17].
T he unknow n peaks m ay be identified  u sin g  a calibration  cijrve sh o w in g  the emitted 
particle energy and peak channel number. T he usual w ay to reveal the depth profiles from the
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spectrum is to create a depth sca le  from  stopping pow er tables or from the param etrized  
slopping pow ers including the effect o f  any detector foil.
Figure 1. (a) Mechanism of a nuclear reaction, (b) A general yield/energy spectrum of emergent 
particles detected at the detector, (c) Position of the detector with respect to the incident deuteron 
beam (d) Schematic diagram of a general purpose nuclear analysis target chamber
4. Experimental
Nitride layer th icknesses o f  the sam ples cited  in T able 1, are evaluated  in the work usin g  
l4N(d,pn) , , N  reaction . D euteron s produced from  the 3 M V D ynam itron accelerator at 
Birmingham R adiation Center, U n iversity  o f  B irm ingham , w ere used as projectiles for the 
experim ent. T he geom etr ies considered  in the work are sim ilar to that o l our previous, work  
1111 F o llow in g  the previous work, on ly  the angle 135° has been considered here (Figure 1c).
T he experim ent has been don e on 10 d ifferent sam p les, all o f  w h ich  w ere S i, N 4. 
These sam p les w ere m ade o f  nitride layers o n  bu lk  silico n  substrates.T hree sam p les w ere  
supplied by P lessey  Ltd and the rest seven  w ere provided by G E C  R esearch Laboratories 
(Hirst R esearch Centre). T he quoted nitride layer th icknesses o f  the sam ples are m entioned in 
ihe Colum n 4  o f  Table 1. T he uncertainty o f  the sam ple thickness (not m entioned in the table) 
was around 8%.
A s sh ow n in F igure Id, the deuteron beam  w as a llow ed  to im pinge on the sam p les  
mounted on the target holder (cassette) at 30° apart from each  other carefully  in such a w ay
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that the incom ing beam  strikes these sides o f  the sam p les norm ally. T he target cham ber and 
the beam  tube were evacuated by vacuum pum ps 1 0  10"6 Torn. T he targets were striken by the 
incident beam o f  deuterons one after another normal to the plane o f  the target surface.
Table 1. Resulis of N R A  and RBS measurements of layer thicknesses
SI
no
Name 
of the 
source
Composition Quoted layer
thickness
(A)
Integrated area 
under u N(d,p0) l5N 
peak
Calculated layer 
thickness from 
R B S (A )
1 Plessey s . , n 4 991 779 ± 3 7 1000 ±  30
2 Plessey Si ,N 4 1961 1541 ± 4 9 1990±  60
.1 Plessey s. ,n 4 9030 6550 ±  200 1 (XX)\± 30
4 G E C Si ^N4 630 495 ± 27 660 ±  30
5 G E C Sh N4 960 745 ± 35 970 ± 30
6 G E C Si ,N 4 1200 943 ± 37 1210  ±  30
7 G E C Si (N 4 2180 1713  ±  52 2160 ±  60
K G E C Si ,N 4 2320 1824 ±  49 2330 ±  60
9 G E C s. ,n 4 3130 2460 ±  59 3150  ± 9 0
10 G E C Sm N4 4(X)0 3144 ± 4 4  » 40 30 ±  120
All the samples were made of nitride layers on bulk silicon substrates
A  surface barrier detector with depletion layer 7 0 0  flirt w as placed at the said angle tu 
the incident beam direction to detect the em itted particles. A  25 fim  alum inum  foil w as placed 
just in front o f  the detector to stop the unw anted  scattered deuterons. T h is th ick n ess was 
chosen so  as to be enough to stop the elastically  scattered deuterons; b esid es it sh ou ld  be thin 
enough to a llow  the expected  reaction products to pass through it. T he beam  current used in 
the experim ent w as 1 (X) nA and integrated charge w as 3 0  jiC.
T he process o f  obta in in g  the spectrum  has been d escrib ed  e lsew h e re  [11 ]. Signals 
from the detector were fed to an O rlec 125 p re-am p lifier  before it w as fed  to an O rtec 472A  
main am plifier by a long cable at counting station. The resulting pu lses w ere passed in turn to 
a H ew lett Packard (H P) 5 4 1 6B  A D C  and 2 1 0 0  H P C om puterized  M ultichannel A nalyzer for 
the spectrum  storage and display. The spectrum  thus obtained w as then stored on the disk anti 
then cop ied  to the m agnetic tape for analysis.
T he course gain and fine gain o f  the main am plifier w ere 2 0 0  and 0 .9  respectively
5. Results and  discussion
A  representative spectra obtained in the present experim en t is sh o w n  in F igu re 2 where ihe 
group labelled  as ,4N (d ,p0) l5N  is the h igh est energy  group and is the on ly  in teresting one 
Other groups labeled as (d ,p i) and (d ,p2) were contam inated by Si groups. T hey cou ld  not be 
separated and hence w ere avoided in the work.
T he variation o f  the integrated areas with respect to-lhe quoted nitride layer thicknesses 
o f  the sam p les has been sh ow n in F igure 3a. F o llo w in g  prev iou s w ork [1 1 ,1 8 ], here w e have
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Figure 2. Energy spectrum of protons emitted during the deuteron bombardment of the S i ^N4 
sample having quoted Liyer thickness 2180 A
Expected (Quoted) Nitride layer Thickness (A)
Figure 3. (a) Variation of expected layer thicknesses versus integrated area under N(d,p0) N 
peak initiated by the 2 MeV deuteron beam on the different Si 3N4 samples having quoted layer 
thicknesses shown in Table 1. (b) Variation of calculated layer thicknesses for the different 
samples mentioned in Table 1 versus expected layer thickness from RBS analysis.
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assumed that the cross section values do not vary appreciably over the range of energy loss 
of the incident particles in the layer being investigated. Under this condition, the total reacuon 
y ield  m ay g iv e  a m easure o f  the number o f  atom s present and the en ergy  distribution  may 
then provide a m easure o f  the depth profile.
A m on g  som e other factors, the peak area a lso  depend s on the cross sec tio n  w hich is 
not w ell know n. H ence, w e cannot get absolute th ickness using this curve, rather the relative 
values of th ickness m ay on ly  be obtained. On the other hand, R B S  m easurem ents done 
previously by us on the sam e sam ples [121 prove its suitability (p lease se e  co lu m n 6 o f  Table 
1 and f  igure 3h) for determ ining the absolute th ickness o f  the layer as the slo p e  o f  the graph 
is I sh o w in g  the variation o f  ca lcu la ted  layer th ick n esses  w ith  respect to quilted layer 
th icknesses. H ow ever , for a m uch thicker layer, R B S  tech n ique w o u ld  face d ifficu lty  in 
extraction o f  depth profiles, where (d,p) reaction an alysis m ethod m ay still be usefu l. It is 
worth m ention ing  here that N R A  is a non destructive  tech n ique and a quick  p ro cess, the 
an alysis tim e being  on ly  around 10 m inutes per sam p le. T he m ethod  is a better on e  than 
secondary ion m ass spectrom etry and A U G E R  at least in o n e  asp ect e. g . , un like these 
m ethods the N R A  m ethod is free-from artifacts inherent in m ethods in vo lv in g  sputtering.
6. C onclus ions *
In the piesent work, the l4N (d ,p )I5N reaction has been studied to investiga te  its suitability as 
a process o f  depth m easurem ents. T he tech n iq u e is foun d  lo  be e x c e lle n t  for reluiivc 
m easurem ents o f  layer thicknesses A  calibration curve for future m easurem ents o f  thickness 
o f  thin film s o f  silicon  nitride is provided in the work. A lth ou gh  the N R A  technique using 
,4N (d ,p )LSN reactitTn cannot g ive  us the absolute m easure o f  depth w hich R B S technique can 
provide, yet N R A  technique can be em ployed  for a thicker layer w here R B S technique would 
fail.
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